Introduction {#j_jomb-2018-0042_s_001}
============

Osteoporosis (OP) is characterised by low bone mass and micro-architectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to fracture ([@j_jomb-2018-0042_ref_001]). The excessive bone loss in OP occurs as a result of an increase in the rate of bone remodelling and a negative imbalance between bone formation and resorption ([@j_jomb-2018-0042_ref_002]). Although the causes of OP remain uncovered, ageing and estrogen deficiency have been regarded as two key factors in the pathogenesis of OP ([@j_jomb-2018-0042_ref_003]). According to the statistics, approximately 21% of women aged 50--84 years are classified as having OP ([@j_jomb-2018-0042_ref_004]). With regard to the postmenopausal osteoporosis, bone loss accelerates during the late stage of menopausal transition and continues for the next two decades at a rapid pace ([@j_jomb-2018-0042_ref_005]). Although various drugs have been developed, there are currently still no established methods for effective prevention of bone destruction in OP.

So far, OP is chiefly diagnosed on the basis of the detected reduced BMD volume by DXA and symptoms of pain as well as impaired function ability ([@j_jomb-2018-0042_ref_006]). However, obvious reduction of BMD and radiological alternations including the presence of reduction of trabecular bone or fracture are almost signs of medium-late stage osteoporosis ([@j_jomb-2018-0042_ref_007]). Hence, to seek more effective, early and reliable screening method is an urgent task.

Recently, biochemical markers of bone turnover are widely used to reflect bone metabolism and monitor treatment response. Biomarkers have been identified to be more useful than serial BMD measurements in that they are non-invasive, relatively cheap compared with DXA and can detect changes in bone turnover rates earlier ([@j_jomb-2018-0042_ref_008]). Therefore, discovering novel and reliable biomarkers are valuable methods for developing new drugs to prevent or delay OP progression

Chemokines are a large family of small cytokines and generally have low molecular weight ranging from 7 to 15 kDa ([@j_jomb-2018-0042_ref_009]), and they are described as chemoattractant cytokines synthesised at sites of inflammation and are the regulatory proteins for leucocyte recruitment and trafficking ([@j_jomb-2018-0042_ref_010]). Chemokines are divided into C, CC, CXC and CX3C sub-families on the basis of number and spacing of cysteine residues within their N-terminal regions ([@j_jomb-2018-0042_ref_011]). Recently, chemokines have been identified to be involved in osteoclastogenesis.

The chemokine CCL11 (C-C motif ligand 11) or Eotaxin-1, is a member of the CC chemokine family and was originally found to recruit eosinophils to sites of inflammation, particularly in allergic diseases and asthma ([@j_jomb-2018-0042_ref_012]). It is produced by lymphocytes, eosinophils and monocytes/macrophages, and interacts with C-C chemokine receptor 3 (CCR3) ([@j_jomb-2018-0042_ref_013]). This receptor is expressed by T-lymphocytes, eosinophils, basophils, dendritic cells, and a recent study has also suggested the expression of CCR3 on osteoclasts ([@j_jomb-2018-0042_ref_014]). New findings have shown that CCL11 plays an important role in OCs migration. In a recent study, CCL11 was coupled with its receptor CCR3 in OCs under conditions of inflammatory bone resorption in vivo ([@j_jomb-2018-0042_ref_015]). It also demonstrates that RANKL stimulated CCR3 expression in OCs in vitro and that addition of CCL11 results in increased migration of OC precursors and enhanced osteoclastic bone resorption ([@j_jomb-2018-0042_ref_015]). Another earlier study has shown that elevated serum levels of CCL11 were related to less radiographic progression in early rheumatoid arthritis (RA) patients, indicating CCL11 is involved in the bone erosion or damage process ([@j_jomb-2018-0042_ref_016]).

The studies mentioned above suggest that CCL11/Eotaxin-1 may play a vital role in the development of OP. But there were no studies before investigating the correlation between CCL11/Eotaxin-1 levels and progression of OP. The scope of this study was designed to examine whether CCL11/Eotaxin-1 levels are elevated in PMOP as well as the correlation of the serum CCL11/Eotaxin-1 concentration with disease severity in PMOP females.

Materials and Methods {#j_jomb-2018-0042_s_002}
=====================

Study patients {#j_jomb-2018-0042_s_002_s_001}
--------------

From April 2017 to August 2018, a total of 83 postmenopausal women diagnosed with osteoporosis were enrolled in our study. Menopause was defined as the absence of menstruation for at least 12 months and estrogen lower than 50 pg/mL as well as FSH levels higher than 40 IU/L. Exclusion criteria were a body mass index (BMI) below 19 or over 27 kg/m^2^, bilateral oophorectomy, undiagnosed vaginal bleeding, endometrial hyperplasia, inflammatory disease, or any condition likely to require corticosteroid treatment, bone diseases, liver enzyme abnormalities, a history of cancer. Patients were also excluded if they had used estrogens within the last 6 months, or had calcitonin or vitamin D treatment within the last 2 months, and drugs known to interfere with calcium metabolism. Meanwhile, 82 age-matched postmenopausal non-osteoporotic females and 85 healthy controls inner child-bearing age receiving routine body check in our hospital during the same period were recruited as controls. The ethics committee of the Affiliated Wuxi No.2 People's Hospital of Nanjing Medical University approved this study and written informed consent was obtained from all the subjects before participation. This study also complied with the World Medical Association Declaration of Helsinki's Ethical Principles for Medical Research Involving Human Subjects.

Laboratory Examination {#j_jomb-2018-0042_s_002_s_002}
----------------------

A venous blood sample of 10 mL was collected from each participant into a heparinised tube at inclusion. The participants did not fast at the time of the blood sampling. Collection and fractionation blood samples into serum and buffy coat, and storage at -80 °C followed the standardised routines before measurement. Serum CCL11/Eotaxin-1 concentration was measured in serum samples using a sandwich enzyme immunoassay manufactured (R&D Systems, Minneapolis, MN, USA). The absorbance was measured at 450 nm. Data were expressed as pg/mL. The sensitivity of the assay is less than 5 pg/mL. We also investigated inflammation markers IL-6 (R&D Systems, Minneapolis, MN, USA), as well as serum markers of bone remodelling, C-telopeptide cross-linked collagen type 1 (CTX-1) (R&D Systems, Minneapolis, MN, USA). All assays had an intra-and inter-variability lower than 10%. Each sample was repeated for three times and the value obtained represents the mean of three results.

BMD measurement {#j_jomb-2018-0042_s_002_s_003}
---------------

The BMD values (Unit: g/cm^2^) of the lumbar spine (L1--4), femoral neck and total hip were determined by Dual-energy X-ray absorptiometry (DXA, Hologic QDR-2000, Hologic Corporation, Waltham, MA, USA), and the CVs for the DXA measurements at L1--4, the total hip, and the femoral neck were 1.30%, 0.93%, and 2.17%, respectively.

Definition of clinical severity {#j_jomb-2018-0042_s_002_s_004}
-------------------------------

The Visual Analogue Scale (VAS) and Oswestry Disability Index (ODI) scores were recorded to evaluate the clinical severity in POMP females. The VAS is a 10 cm long straight line, marked at each end with labels which anchor the scale. Patients are asked to place a mark on the line at a point representing the severity of their pain where 0 cm indicates »no pain« and 10 cm represents »pain as bad as it could be« ([@j_jomb-2018-0042_ref_017]). The ODI consists of 10 items on the degree of severity to which back (or leg) trouble has affected the ability to manage in everyday life ([@j_jomb-2018-0042_ref_018]). The 10 sections cover the pain and daily function (including pain intensity, personal hygiene, lifting, walking, sitting, standing, sleeping, sexual activity, social activity, and travelling). Each item is rated on a 6-point scale (0--5); the higher the score indicates, the higher the level of disability.

Statistical analysis {#j_jomb-2018-0042_s_002_s_005}
--------------------

Statistical analysis of the data was performed using Graph Pad 6.0 software. Kolmogorov-Smirnov tests were employed to assess a normal distribution of the variables. Normally distributed measurement data were presented as mean ± SD. The difference was compared with one-way analysis of variance (One-way ANOVA) The Tamhane or Tukey test was applied for post-hoc analysis. Pearson correlation coefficient was calculated to describe the correlations between CCL11 and various variables, where appropriate. Multivariate linear regression analysis was performed to determine further whether CCL11 could serve as an independent marker. A *P*-value of less than 0.05 was considered significant. Statistic power (1-b) was calculated by using software PASS (Power Analysis and Sample Size) 2008 Statistical Software (UT, USA), using the formula below according to the obtained data of different mean CCL11 levels, standard error, enrolled numbers of patients in each group ([@j_jomb-2018-0042_ref_019]). Statistical power was regarded strong when \> 0.8. The detailed calculation formula is listed below:
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Results {#j_jomb-2018-0042_s_003}
=======

Demographic statistics of enrolled participants {#j_jomb-2018-0042_s_003_s_001}
-----------------------------------------------

The clinical characteristics of the study samples are summarized in *[Table I](#j_jomb-2018-0042_tab_001){ref-type="table"}*. The mean value of age was 54.6±0.8, and body mass index (BMI) was 24.2±0.2 kg/m^2^ with mean postmenopausal 3.6± 0.8 years in PMOP group, suggesting the enrolled

###### 

Demographic statistics of enrolled participants.

                       PMOP (n=83)      PMNOP (n=82)   Control (n=85)   *P* value
  -------------------- ---------------- -------------- ---------------- -----------
  Age                  54.6±0.8\*\*     54.5±1.1\*\*   42.3±3.7         0.023
  Years of menopause   3.6±0.8          3.5±0.9        --               0.818
  BMI (kg/m^2^)        24.2±0.2         23.9±0.3       24.0±0.3         0.095
  CCL11 (pg/mL)        170.2±21.0\*\#   127.5±11.2     125.1±11.3       \<0.001

Data are conveyed as the mean value ± SD. \*\**P*\<0.01 in comparison with control, \**P*\<0.05 in comparison with control, \#*P*\<0.05, in comparison with the PMNOP group.

###### 

Comparisons of the BMD at the femoral neck, total hip, and L1--L4 lumbar spine among the PMOP, PMNOP and healthy control groups. (Unit: g/cm^2^).

               Control (n=85)   PMNOP (n=83)   PMOP (n=83)
  ------------ ---------------- -------------- -----------------
  BMD (Neck)   1.04±0.14        0.94±0.11\*    0.87±0.09\*\*\#
  BMD (Hip)    1.13±0.15        0.98±0.13\*    0.79±0.11\*\*\#
  BMD (L1-4)   1.22±0.20        0.86±0.12\*    0.74±0.13\*\*\#

All data were presented as mean ± standard deviation. \*P\<0.05, compared with the healthy control group; \*\*P\<0.01, compared with the control group; \#P \< 0.05, compared with the PMNOP group.

subjects were slightly overweight. The average age was 54.5±1.1 years with mean postmenopausal 3.5±0.9 years in PMNOP group and mean age 42.3±3.7 years in the control group. No significant differences of BMI were noted among the three groups. Participants in PMOP and PMNOP groups were significantly older than in control one. Serum CCL11 concentrations were significantly higher in the PMOP group than in the PMNOP group (170.2±21.0 pg/mL vs 127.5±11.2 pg/mL, *P*\<0.001) and the control group (170.2±21.0 pg/mL vs 125.1±11.3 pg/mL, *P*\<0.001) (*[Figure 1](#j_jomb-2018-0042_fig_001){ref-type="fig"}*, *[Table I](#j_jomb-2018-0042_tab_001){ref-type="table"}*). However, the serum CCL11 levels were not statistically significant between PMNOP and healthy control group (127.5±11.2 pg/mL vs 125.1±11.3 pg/mL, *P*\>0.05) The statistical power was 0.85 after calculation.

![Comparison of serum CCL11 levels among PMOP, PMNOP and healthy controls.](jomb-38-353-g001){#j_jomb-2018-0042_fig_001}

Correlation analysis between serum CCL11 levels and BMDs {#j_jomb-2018-0042_s_003_s_002}
--------------------------------------------------------

To further investigate the effect of CCL11 on BMD, we investigated the correlation of serum CCL11 levels and BMD. According to Spearman correlation analysis, CCL11 showed a significant negative association with BMDs at the femoral neck (r=-0.417, P\<0.001) (*[Figure 2A](#j_jomb-2018-0042_fig_002){ref-type="fig"}*), lumbar spine 1-4 (r =-0.407, P\<0.001) (*[Figure 2B](#j_jomb-2018-0042_fig_002){ref-type="fig"}*) and total hip (r = -0.462, P \< 0.001) (*[Figure 2C](#j_jomb-2018-0042_fig_002){ref-type="fig"}*). These correlations remained significant after adjusted by age and BMI (femoral neck: R=-0.343, *P*\<0.001; lumbar spine 14: R=-0.333, *P*=0.002; total hip: R=-0.392, *P*\<0.001) (*[Table III](#j_jomb-2018-0042_tab_003){ref-type="table"}*).

![Correlation of serum CCL11 levels with BMDs (A). Correlation of serum CCL11 levels with femoral neck BMD (B). Correlation of serum CCL11 levels with lumbar 1-4 BMD (C). Correlation of serum CCL11 levels with total hip BMD.](jomb-38-353-g002){#j_jomb-2018-0042_fig_002}

###### 

Correlation of serum CCL11 concentrations with BMDs, clinical severity and biochemical indices in PMOP females following adjusted by age and BMI.

                         Serum CCL11 concentration (pg/mL)   Serum CCL11 concentration (pg/mL) \*            
  ---------------------- ----------------------------------- -------------------------------------- -------- ---------
  Variables              *r*                                 *P*                                    *R*      *P*
  BMI                    0.113                               0.085                                  \-       \-
  Age                    0.078                               0.144                                  \-       \-
  Femoral BMD Neck       -0.417                              \<0.001                                -0.343   \<0.001
  Total hip BMD          -0.462                              \<0.001                                -0.392   \<0.001
  Lumbar BMD spine 1-4   -0.407                              \<0.001                                -0.333   0.002
  VAS                    0.352                               0.001                                  0.283    0.031
  ODI                    0.346                               0.001                                  0.275    0.034
  Serum Levels CTX-1     0.450                               \<0.001                                0.381    \<0.001
  Serum IL-6 Levels      0.326                               0.003                                  0.252    0.042

\*Adjusted by age and BMI.

Correlation analysis between serum CCL11 levels and clinical severity {#j_jomb-2018-0042_s_003_s_003}
---------------------------------------------------------------------

To further investigate whether CCL11 is associated with symptomatic severity, we explored the relationships between serum CCL11 levels between VAS as well as ODI scores. Accordingly, we observed that serum CCL11 levels were positively related to symptomatic severity determined by VAS (r=0.352, *P*=0.001) (*[Figure 3A](#j_jomb-2018-0042_fig_003){ref-type="fig"}*) and ODI (r=0.346, *P*=0.001) (*[Figure 3B](#j_jomb-2018-0042_fig_003){ref-type="fig"}*). These correlations remain significant after adjusted by age and BMI (VAS: R=0.283, *P*=0.031; ODI: R=0.275, *P*=0.034) (*[Table III](#j_jomb-2018-0042_tab_003){ref-type="table"}*).

![Correlation of serum CCL11 levels with clinical severity (A). Correlation of serum CCL11 levels with VAS scores (B). Correlation of serum CCL11 levels with ODI index.](jomb-38-353-g003){#j_jomb-2018-0042_fig_003}

![Correlation of serum CCL11 levels with biochemical indices (A). Correlation of serum CCL11 levels with serum CTX-1 levels (B). Correlation of serum CCL11 levels with serum IL-6 levels.](jomb-38-353-g004){#j_jomb-2018-0042_fig_004}

###### 

Multivariate linear regression.

                Femoral Neck BMD   Total hip BMD   Lumbar spine 1-4 BMD   Serum CTX-1   Serum IL-6                                     
  ------------- ------------------ --------------- ---------------------- ------------- ------------ ------- -------- ------- -------- -------
  Age           -0.066             0.375           -0.052                 0.599         -0.048       0.611   -0.066   0.865   -0.058   0.911
  BMI           0.142              0.118           0.123                  0.125         0.114        0.111   0.159    0.092   0.164    0.090
  Serum CCL11   -1.322             0.002           -1.536                 0.001         -1.375       0.002   1.503    0.001   0.984    0.047

Correlation analysis between serum CCL 11 levels and biochemical indices

We finally examined the correlation of serum CCL11 concentrations with biochemical indices including the bone resorption factor CTX-1 and inflammation biomarker IL-6. We also demonstrated CCL11 was positively related to CTX-1 (r=0.450, *P*\<0.001) and IL-6 (r=0.326, *P*=0.003). These correlations remain significant after adjusted by age and BMI (CTX-1: R=0.381, *P*\<0.00; IL-6: R=0.252, *P*=0.042) (*[Table III](#j_jomb-2018-0042_tab_003){ref-type="table"}*).

Discussion {#j_jomb-2018-0042_s_004}
==========

The main findings of this study demonstrate that serum levels of CCL11/Eotaxin-1 are increased in PMOP patients, compared with PMNOP and healthy controls. Moreover, we observed a negative correlation of CCL11/Eotaxin-1 concentration with BMD and positive associations with clinical severity and bio-chemical indices. These correlations still remain significant after adjusting for age and BMI. Further multivariate linear regression analysis demonstrated that CCL11/Eotaxin-1 could serve as an independent marker. Our findings implicate that serum CCL11/ Eotaxin-1 may serve as a potential biomarker for PMOP progression.

Over the past years, studies have elucidated, in addition to the endocrine aspect, unanticipated connections between the immune and skeletal systems, and this relationship has led to the development of a new field known as »osteoimmunology« ([@j_jomb-2018-0042_ref_020]). A series of works have identified that dysregulation of the immune system was related to the initiation of different inflammatory autoimmune diseases contributing to adverse effects on bone integrity ([@j_jomb-2018-0042_ref_021]). In addition, the immune system impacts and regulates bone remodelling in physiological and pathological conditions through the immune-skeletal interface, have led to a new concept of OP as a sort of chronic immune-mediated disease ([@j_jomb-2018-0042_ref_022], [@j_jomb-2018-0042_ref_023]). During menopause, estrogen levels fall, whereas pro-inflammatory factors and macrophage levels increase, all of which accelerate the bone remodelling cycle, with consequent activation of osteoclasts and greater bone resorption ([@j_jomb-2018-0042_ref_024], [@j_jomb-2018-0042_ref_025]).

Chemokines are some of the most important cytokines during the autoimmune and inflammatory process. In recent studies, chemokines have been observed to be correlated with pathological bone loss in this disease, including osteoporosis, rheumatoid arthritis and multiple myeloma ([@j_jomb-2018-0042_ref_026]). In our study, we first showed that serum CCL11 levels were negatively correlated with the BMDs at the femoral neck, lumbar spine 1--4 and total hip, indicating CCL11 in osteoclasts migration may play important roles in BMD reduction.

Next, we also found that serum CCL11 levels are strongly related to the clinical severity defined by VAS and ODI, implicating that CCL11 may be involved in the process inflammatory and neuropathic pain in OP. The two scales including VAS and ODI are most frequently used measurements of low back pain and functional ability in OP patients, and the psychometric properties of both the VAS and ODI have been shown to be valid and reliable in OP patients ([@j_jomb-2018-0042_ref_027], [@j_jomb-2018-0042_ref_028]). Bone pain is the most common complaint in OP patients leading to impaired quality of life. Studies have identified that both peripheral and central components participate in the bone pain in OP patients ([@j_jomb-2018-0042_ref_029]). In elderly OP patients, there has been an increased density of bone sensory nerve fibres along with enhanced expressions of nociceptors sensitised by the lowering pH result from the osteoclastic activity ([@j_jomb-2018-0042_ref_029]). Meanwhile, during the OP process, the bone sensory nerve fibres may undergo pathological modifications ([@j_jomb-2018-0042_ref_030]). The role of CCL11 in pain production and maintenance has been investigated before. Previous studies have identified that CCL11 was involved in many pathological processes of pain-related diseases. Gul E et al. ([@j_jomb-2018-0042_ref_031]) found that CCL11 levels were significantly higher in patients with primary dysmenorrhea than the control subjects. In another study, single nucleotide polymorphisms (SNPs) of gene CCL11 served as a marker for the disease of fibromyalgia, a chronic pain syndrome ([@j_jomb-2018-0042_ref_032]). In addition, higher levels of CCL11 were found in neuropathic pain cohorts compared with healthy controls, pointing to the role of CCL11 in neuro-inflammation ([@j_jomb-2018-0042_ref_033]).

Last, we discovered that serum CCL11 levels were positively associated with the CTX-1 and IL-6 levels in PMOP patients. CTX-1 has been reported to be a sensitive biochemical marker of bone turnover ([@j_jomb-2018-0042_ref_034]), and the serum CTX-1 could reflect the increase of bone resorption in OP patients with vertebral fractures and hip fractures ([@j_jomb-2018-0042_ref_035]). IL-6 has been identified as an important cytokine in the process of bone resorption through suppressing osteoblast function while upregulating osteoclasts in the presence of RANKL ([@j_jomb-2018-0042_ref_036], [@j_jomb-2018-0042_ref_037]). These findings implicated that CCL11 was elevated along with bone resorption factors and inflammatory markers through certain and unknown mechanisms which remain to be explored.

In this study, we should be aware of several potential limitations. First, our study was based on a small sample size of enrolled patients. A further study conducted on a random sample of a larger population will be needed to substantiate our results. Secondly, only CCL11/Eotaxin-1 levels were examined in serum. Additional immune-histochemical investigations of CCL11/Eotaxin-1 and its receptor CC3R expression in bone tissue could provide further valuable information on the pathogenic role of CCL11/CC3R in osteoporosis. Last, we did not investigate other chemokines which have been proposed to be associated with osteoclasts activity.

Collectively, this study has revealed a significant elevation in serum CCL11/Eotaxin-1 of OP patients and illustrated a pronounced positive association with the extent of disease severity in patients with PMOP. The data of this study support the finding that CCL11/Eotaxin-1 may serve as a useful prognostic parameter to reflect the disease severity PMOP. This study has been the first to investigate such a correlation, and further studies will be required to define the mechanisms underlying this association. Additional investigations will be required to shed light on the possible role of CCL11/Eotaxin-1 involved in the pathogenesis of PMOP, with the aim of developing effective pharmacological agents to delay the progression of osteoporosis.
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